This project was developed to fully assess the indoor air quality in archives and libraries from a fungal flora point of view. It uses classical methodologies such as traditional culture media e for the viable fungi e and modern molecular biology protocols, especially relevant to assess the non-viable fraction of the biological contaminants. Denaturing high-performance liquid chromatography (DHPLC) has emerged as an alternative to denaturing gradient gel electrophoresis (DGGE) and has already been applied to the study of a few bacterial communities. We propose the application of DHPLC to the study of fungal colonization on paper-based archive materials. This technology allows for the identification of each component of a mixture of fungi based on their genetic variation. In a highly complex mixture of microbial DNA this method can be used simply to study the population dynamics, and it also allows for sample fraction collection, which can, in many cases, be immediately sequenced, circumventing the need for cloning. Some examples of the methodological application are shown. Also applied is fragment length analysis for the study of mixed Candida samples. Both of these methods can later be applied in various fields, such as clinical and sand sample analysis. So far, the environmental analyses have been extremely useful to determine potentially pathogenic/toxinogenic fungi such as Stachybotrys sp., Aspergillus niger, Aspergillus fumigatus, and Fusarium sp. This work will hopefully lead to more accurate evaluation of environmental conditions for both human health and the preservation of documents.
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Introduction
Cultural heritage e particularly books and documents e have recently been the focus of examination for fungal contamination. In our written heritage, fungi have been consistently isolated using the traditional culture methods (Zyska, 1997; Corte et al., 2003) . The time needed to ensure complete development of fungi on a growth medium varies from a few days to 30 days in some cases, and although this is still the most common method of identification in clinical samples, some fungal species cannot be cultured. According to Muyzer and Smalla (1998) 99% of all microorganisms in nature cannot be isolated and, therefore, identified under a microscope, or they show a very slow growth rate and/or very special media requirements. Many fungi from the Ascomycete group and the majority of Basidiomycetes do not grow on standard laboratory media (Salvaggio and Aukrust, 1981) and therefore the identification of these fungi can only be achieved through molecular biology methods. Moreover, when compared to traditional culturing methods, not only do these allow the identification of non-culturable microorganisms that may have caused deterioration in the past, but they also enable the identification of cell debris, which can be responsible for allergic reactions in those in contact with these documents (Wlazlo et al., 2008) . Although molecular biology methods drastically reduce the time needed to perform a laboratory identification of fungi colonizing an ancient document, when the task is to analyze a mixed fungal sample (population), these modern techniques are still quite laborious e a problem that derives solely from the presence of more than one fungus.
In this paper, a very recent analytical method is introduced e denaturing high-performance liquid chromatography, or DHPLC e which, once optimized, will allow the retrieval and separation of fungal DNA from a mixed sample in just 20 min per run. The basics on which it relies are known and applied in DGGE, but the simplicity and speed of the process are greater in DHPLC. In both, similarly sized yet differently sequenced DNA fragments can be separated according to the decreased electrophoretic mobility of a partially melted double-stranded DNA molecule. DGGE uses polyacrylamide gels containing a linear gradient of DNA denaturants (Muyzer and Smalla, 1998) and DHPLC uses an ion-pair reverse phase HPLC column and an organic solvent (acetonitrile, from here onwards designated as eluent B) for the DNA elution. While DGGE is effective in many ways, it is both time-consuming and laborious, as the attempt to unveil the identity of the individuals present in a particular microbial community involves the process of cloning prior to sequencing. The more recent DHPLC is now starting to be applied in the field of human health genetics, and herein we describe its basic application to resolve complex fungal mixtures found in archival settings. Another protocol also applied in this work makes use of the automated fluorescence sequencer, here used to ascertain the identity of yeast colonies present in a mixture through the use of characteristic ITS2 length. This project's goals were to bring insight to the fungal flora found on archives e air, surfaces, and documents e and explore DHPLC and fragment length analysis as molecular biology options to better achieve this goal.
Methodological options in molecular biology
There are many molecular biological methods currently in use for the genetic identification of fungi. Polymerase chain reaction is basic to them all but, once the DNA is extracted, one can choose different ways to proceed. Sequencing the PCR product has been one of the most promising methods for the molecular identification of fungal DNA. There are several possible regions for amplification (see Fig. 1 ), each with its advantages and disadvantages.
The amplified region should, ideally, be sufficiently conserved amongst fungi in order to allow the amplification of several genera. However, it should also be variable enough to allow discrimination between closely related species. The 18S region evolves relatively slowly and is considered universal for fungi, i.e., it can be used to find consensus conserved regions within a group of fungi and to detect them, but it is not divergent enough to provide a distinction between them (Ninet et al., 2003) . There is still no consensus on what region to amplify in order to achieve the best identification scores: Ribosomal targets such as the ITS1-5.8S-ITS2 or the LSU (25Se28S) are strong contenders in this challenge.
The D1eD2 region (in the LSU) has been exploited extensively (Abliz et al., 2004) with very good results in terms of GenBank identification scores, partially because there is a large contribution in this region and the database is, hence, very large. Because this is not the case with the ITS regions, the D1eD2 is sometimes used to confirm ITS1 or ITS2 results (Cano et al., 2004; Leaw et al., 2006) . Nevertheless, and according to Hinrikson et al. (2005) , the current identification of some Aspergillus species, especially those closely related, is best achieved using the ITS query sequences rather than the D1eD2 regions of the 25e28S region of the genome. Also, ITS has recently been established as the bar-coding region of excellence (Rossman, 2007) as part of the European Consortium for the Barcode of Life initiative maintained by the Centraalbureau voor Schimmelcultures (CBS) and, therefore, an enrichment of the ITS region sequence database is to be expected. The comparison between these two regions in the identification of the fungi found in ancient documents is one of the most important aspects of this work, and since they complement each other they will both be put to use.
In clinical research, once the best sequence for a correct identification has been chosen and the protocol optimized one has merely to proceed to the sequencing part. Since in the case of archives we are not dealing with clinical samples e where there is a low probability of infection by more than one fungus e we need to find a way to separate the amplified DNA from a mixture of origins in order to be able to sequence each one. Nowadays this is usually done with DGGE and cloning. Although DGGE offers the advantage that individual bands can be excised, re-amplified, cloned, and sequenced, many methodological difficulties, such as co-migration of bands with similar sequences, double or multiple bands from identical sequences, formation of chimeric and heteroduplex molecules, and limited phylogenetic information from sequenced bands, are usually encountered in the analyses (Janse et al., 2004; Gafan and Spratt, 2005; Nikolausz et al., 2005) . In addition, one band may not necessarily represent one species and one bacterial/fungal species may also give rise to multiple bands because of multiple 16S rRNA genes with slightly different sequences (Gelsomino et al., 1999) .
Denaturing high-performance liquid chromatography has recently emerged as an alternative to this method and has already been applied to bacterial communities (Domann et al., 2003; Barlaan et al., 2005) and mixed Candida samples (Goldenberg et al., 2005) . As with bacterial samples, the microscopic approach to fungal identification lacks the discriminating capacity for the assessment of a community's diversity, especially in complex populations, and DHPLC is set to overcome this problem with results obtained in a matter of minutes. This technology allows the identification of each component of a mixture based on their genetic variation, as submitting the amplified double-stranded DNA to an appropriate temperature leads the strands to partially denature. The right interaction between the ion-pairing reagents and the cartridge matrix allows the different components of the mixture to be eluted at different times. In a highly complex mixture of microbial DNA this method can be used simply to study the population dynamics or the effects of human action over a population e as the introduction of antifungal substances. What we will be attempting, however, goes beyond the community monitoring analysis as a whole, as this system also allows the sample fraction collection, which can, in many cases, be immediately re-amplified and sequenced, circumventing the need for cloning. Regarding the technique's setbacks, its resolution (as happens with DGGE) may not yet be sufficient, as DHPLC peaks may represent comigrating amplicons from different bacterial species (Goldenberg et al., 2007) .
Denaturing high-performance liquid chromatography can be run in two basic methods depending on the temperature: nondenaturing or partially denaturing. At non-denaturing conditions (50 C), the amplicon is fully double-stranded and DNA separation is based solely on fragment size and is independent of sequence. Sizing results are similar to results obtained from an agarose gel and PCR products can be checked for purity.
The use of non-denaturing temperatures and a potential specific time of retention for each species could lead us to believe possible the creation of a size database and the use of these size differences as an identification marker. The already mentioned ITS2 region (þ/À 300 bp) is highly variable between different species (Turenne et al., 1999) and some authors assert (Turenne et al., 1999; De Baere et al., 2002) that its length variation alone can serve as an identification marker. ITS2 size determination has already been used successfully in the identification of Candida species using automated fluorescent capillary electrophoresis (AFCE), a method also being applied in this study but to the identification of culturable yeast colonies present in a mixture. However, when applied to a complex mixture of filamentous fungi e and given the universe of species one can find in the environment e it will be relatively easy to find different taxa with the same amplicon length, a fact that renders this technique insufficient (Fujita et al., 2001; Hinrikson et al., 2005) .
When using partially denaturing temperatures in dHPLC (>50 C), size and sequence play a role in defining the elution time. Fig. 2 illustrates the usefulness of the technique as a mixture of three fungal species of known origin, Alternaria alternata (Scientific Institute of Public Health, Brussels), Aspergillus niger (from the Quality in Water Analysis Scheme quality test), and Penicillium spinulosum (from the RINGTEST quality test), all of them amplified for the D2 region, are submitted to a DHPLC program at 57 C, 59% buffer B at a 0.9-ml min À1 flow rate. These fungi were selected because Alternaria sp., Penicillium sp., and Aspergillus sp. are common paper contaminants (Zyska, 1997) .
At partially denaturing temperatures the column/eluents will separate DNA according to sequence (GC content) and molecular conformation, which is a very useful complement to the size difference mentioned above and follows the same idea of DGGE.
Given the choice of possible genomic regions one has still to consider a DHPLC limitation: The longer the fragment, the harder it is for the DHPLC system to identify the differences in the sequences analyzed, and so the method is most precise for sequence fragments of no more than 500 bp. This reason supports our choice of using two different fragments to accurately identify the fungal components of our mixtures: ITS2 from the ITS region and the D2 part of the D1eD2 genomic region. This way, both sequences studied will have an average 300-bp length. Regarding the D2 region, when compared to the 600-bp D1eD2 region, the size reduction is not expected to bring any deficit in the quality of the sequence in terms of identification scores since this smaller region is targeted by commercial kits such as the MicroSeq D2 LSU 28S Fungal Identification and Sequencing kits from Applied Biosystems, with very good discriminating power (Ninet et al., 2003) .
Materials and methods

Sampling protocol
As stated earlier, culturing methods cannot and should not be excluded from any fungal analysis e be it in an environmental sample or in an ancient piece of paper. This is especially relevant when trying to assess the impact a fungal population can have on human health, which is also one of the objectives in archive studies.
In terms of determining the fungal presence in documents (and document covers), sampling was performed in three archives situated in the area of Lisbon and one in Evora, a smaller city located in a different climatic and urban setting. Because we were dealing with valuable artwork the protocol related to document sampling was developed around a non-invasive swab sample. For DNA extraction, however, best results are achieved whenever small fragments of the document can be removed without damaging the document itself. The cotton swab from the paper samples retrieves material to use in the molecular biology protocol and in the following culturing media (Samson et al., 2004) : malt extract agar (MEA) þ chloramphenicol, dichloran-glycerol (DG18) (for xerophilic fungi) and mycobiotic agar (MA) (Larone, 2002) e especially conceived for the development of dermatophytes. All of these inoculated media (original and duplicate) were placed in an incubator set to 27 C, and they remained there for a week (MEA) or 15e20 days (MA and DG18). The identification was based on the microscopic visualization (400Â) of morphological characteristics using lactophenol cotton blue dye and illustrated manuals (Larone, 2002; Samson et al., 2004) Because fungi are not only important biodegradation agents for the books and documents housed in archives but are also known allergens (Mandrioli and Caneva, 1998) , air samples were also retrieved during the sampling period of this study (using an M Air Tester, Milipore, Massachussets, USA). To establish a trustworthy assessment of the environmental health conditions of the chosen archival rooms, the dust settled in the shelves/working tables and floor was also sampled (Buttner and Stetzenbach, 1993; Maggi et al., 2000; Duchaine and Mériaux, 2001) . Whenever they are considered relevant, other surfaces may also be analyzed. These environmental samples are, for the time being, analyzed only through traditional culturing methods. The yeast colonies obtained in these media, however, were analyzed through AFCE, using the ITS2 length as a marker for species identification.
Molecular biology protocols
Regarding the swabbed sampled paper (or the small fragments of documents), the DNA from the samples was collected and stored in a 300-ml TNE solution (1 ml 1 M TriseHCl, pH 8 þ 2 ml 5 M NaCl þ 0.2 ml 0.5 M EDTA, pH 8 þ 96.8 ml distilled H 2 O) at À70 C. For the DNA extraction the High Pure DNA Template kit from Roche (Mannheim, Germany) was used. To ease the DNA retrieval from all the fungi present in the gauze cotton swabs, some minor alterations to the protocol were made, including the use of 2-mm and 4-mm glass beads and a cell disrupter (FastPrep-24, MP Biomedicals, Solon, Ohio) with a very strong mechanical action over the samples. The extraction protocol was also applied to a negative sample of TNE solution. Fig. 2 . DHPLC chromatogram of a mixture of amplified DNA from three different fungi (Alternaria alternata, Aspergillus niger, and Penicillium spinulosum). The amplified products are 298 base pair in length and the mixture of the three provides a simple peak when run at 50 C, 40%B. The figure above was a result of the following conditions: temperatured57 C; wave optimized buffer B (acetonitrile)d59%; DNASep Cartridge 0.9 ml min À1 . The targeted region was D2.
Two DNA regions were mentioned earlier: 28S and ITS. Both regions are considered good starting points for sequencing and identification but, for one of the methods selected in this project (DHPLC), the fragment size obtained when amplifying ITS1 and ITS2 and the entire D1eD2 region would result in a very large fragmentdtoo large for the resolution needs of this study as shown earlier. The chosen fragmentsdITS2 and D2dare about 300 bp in length.
The database for automated fluorescent capillary electrophoresis is being generated by clinical and environmental strains of fungi isolated at the Portuguese National Institute of Health. These are harvested and diluted in sterile water followed by DNA extraction using the aforementioned DNA extraction kit. The DNA obtained is amplified for the ITS2 region using ITS4 and ITS86HEX primers and a protocol described in Turenne et al. (1999) , to which some changes were made, namely the absence of the dUTP in the reaction mix. This database will be the key to the identification of the yeast(s) present in each of the growth plates mentioned in the sampling protocol.
For the DHPLC and the ITS2 fragment length analysis the DNA was amplified as indicated in Table 1 .
All amplifications were performed in a MyCycler Thermocycler (BioRad, California, USA) and two negative controls (for amplification and extraction) were included in every amplification. After the PCR procedure, the amplification products were checked in electrophoretic 2% agarose gels stained with SybrSafe (Invitrogen, California, USA) and visualized under UV light. For sequencing purposes ExoSap-IT (Affymetrix, California, USA) was used for PCR purification and the resulting product was then submitted to a sequencing program. For the ITS2 region, 1 ml amplified DNA was added to 2.0 pmol primer (ITS3 or ITS4), 3.5 ml Sequencing Buffer 5Â, and 0.5 ml Big Dye Terminator Ready Reaction v1.1 in a 10-ml mix. The sequencing protocol consists of 25 cycles of 96 C for 10 s, 54 C for 5 s, and 60 C for 4 min. For the MicroSeq protocol, the purified DNA was separated in two tubes: the forward reaction, containing 7 ml of PCR reaction product and 13 ml of the forward mix and the reverse reaction, using the same amounts but with the reverse mix. Both were submitted to the sequencing program: 25 cycles of 96 C for 10 s, 50 C for 30 s, and 60 C for 4 min ( Table 2) .
The resulting sequence was then aligned with ClustalX and matched with the GenBank NCBI database (http://blast.ncbi.nlm. nih.gov/Blast.cgi).
DHPLC analysis protocol
DHPLC optimization
The elution of the samples depends on a series of factors such as column temperature and buffer B gradient rate, and so conditions have to be optimized. The example given in Fig. 3 was a result of a series of tests on temperature, buffer gradient, and rate of flow. The separation began to occur at 57 C and 59% B but other combinations (59 C, 55%B) also resulted in a good definition of the three peaks (data not shown). However, to optimize the protocol for future samples, several fungal species were selected and their ITS2 and D2 sequences were analyzed by the Wave (v.4) DHPLC sequence analyzer program. A predicted temperature was automatically selected by the Wave program and it was around this suggestion that a range of analytical temperatures was chosen (between 59 and 63 C): Since the collected samples will present an unknown composition just one temperature would not cover all the possibilities in terms of fungal presence. As with the D2 region (see Fig. 2 ), it is possible to use the ITS2 region to separate the components of a mixture and the following example, Fig. 3 , is an illustration of that.
For both amplicons, the program used was the double-stranded single fragment and the elution buffer acetonitrile. The column used was the DNASep Ò , made from alkylated nonporous polystyrene-divinylbenzene (PS-DVB) copolymer microspheres for high-performance nucleic acid separations. The negative and positive amplification controls were included in every run.
For some of the samples currently under study a series of tests still have to be performed to ensure the best resolution. The reason behind the choice of flow rate lies in the proximity of the peaks and in the difficulty of separating them for collection. A higher flow rate produces a quicker run and sharper peaks, which makes them more (7) 287.68 0.51 easily identifiable but, when they are too close, more difficult to collect. In this case it is best to choose a slower flow rate. In the fieldwork, once real mixed samples are collected, extracted, and amplified together they are first run on the DHPLC at 50 C to check the quality of the amplified product; they are then rerun through the column at the temperature range mentioned above. Peak collection allows the retrieval of the amplified DNA, which can then be sequenced.
In the absence of an automated collector it is possible to collect the peaks manually, an option tested previously by the authors. The sample represented in the chromatogram peak elutes a few seconds before the peak is visible on-screen. After collection it is not necessary to perform any subsequent steps before amplification and sequencing. Because this technique has rarely been applied to fungal communities the use of both ITS2 and D2 will minimize possible losses of information from the technique itself and from the fact that we are only using a 300-bp sequence to achieve identification.
DHPLC performance tests
In order to establish this limit, a yeast sample amplified DNA amount was determined using a Nanodrop 2000 (Thermo Scientific, Massachussets, USA). The initial Candida parapsilosis sample had 705 ng ml À1 and the 1:10 and 1:100 dilutions amounted to 70 and 6 ng ml À1 , respectively. All three samples were run on DHPLC sizing program (50 C, 40% B, flow rate 0.9 ml min À1 ). The DHPLC is able to detect a PCR product with DNA amounts higher than 5 ng ml À1 (see Fig. 4 ).
The performance of a single species (in this case, C. parapsilosis) at several temperatures was also tested. This was necessary to Fig. 3 . Top: DHPLC chromatogram of a mixture of amplified DNA from two different fungi (Candida parapsilosis and Acremonium sp.) using partially denaturing temperatures (59 C, 55%B) and a 0.5 ml min À1 flow rate. Bottom: DHPLC chromatogram of a mixture of amplified DNA from three different fungi (C. parapsilosis and Acremonium sp. from above to which Aspergillus sp. was added) using the same conditions as above. In this example, the amplified region is the ITS2. Fig. 4 . Detection limits for the DHPLC DNASep Cartridge. A pure Candida parapsilosis D2 region amplicon (300 bp) was used to perform this test and the minimal amount of DNA detectable by the device was 5 ng ml À1 . The program used was non-denaturing at 50 C, 40%B, 0.9 ml/min. Fig. 5 . Performance of a single species at partially denaturing temperatures. This test was performed with a culture collection Candida parapsilosis and the partially denaturing temperatures were 59 C (55% B), 60 C (51.2% B), and 61 C (54.2% B). The rate of flow used was 0.5 ml min À1 . For this species 61 C was the maximum temperature possible, as higher temperatures resulted in elution of the peak at the beginning of the run (the peak did not appear on-screen). Fig. 6 . Fungi identified and counted in the air samples taken in an archive (A) located in Lisbon. Some of the fungi present indoors were not found in the exterior, which suggests an interior contamination. Fig. 7 . Fungi identified and counted in the air samples taken in archive B, also located in Lisbon. The total number of fungi found outside was higher than the one found inside, which suggests a quality environment. Nevertheless, some fungi identified inside were not present outside, which denotes contamination from within. Fig. 8 . Fungi identified and counted in the air samples taken in another archive (C), this time in Evora. The results presented here are similar to those obtained in archive B, as the fungal contamination inside was lower than that outside, although the interior had some fungal genera not present in the exterior sample. guarantee that when working with a single species one only obtains one peak at partially denaturing temperatures (see Fig. 5 ).
Automated fluorescent capillary electrophoresis system
The capillary electrophoresis apparatus used was the ABI Prism 3130XL Genetic Analyser (Applied Biosystems, California, USA). One ml of the PCR product was added to the electrophoresis mixture (0.5 ml of the ROX-500 marker and 10 ml of deionized formamide).
The samples went through a denaturation step for 3 min at 95 C and the sample injection was carried out at 5 kV for 15 s, followed by an electrophoresis at 60 C and 15 kV for 30 min.
To create the database all runs were done in triplicate. When compared with the databank presented in Turenne et al. (1999) our results show a slight deflection toward a higher base pair number (about 4 bp difference). This difference can be attributed to the sequencer itself since we use the ABI Prism 3130XL (Applied Biosystems, California, USA), and in the cited article the device used is the ABI Prism 310 Genetic Analyser (also from Applied Biosystems). These differences have already been discussed in the literature (de Baere et al., 2002) .
Results
Fungal analysis from media cultures
So far only one season has been sampled (winter 2010) but the results obtained showed an indoor prevalence of common fungi such as Penicillium spp. and Cladosporium spp., both in air and surface samples. Regarding the less common genera, we were able to isolate species such as A. niger, Aspergillus fumigatus, Aspergillus versicolor, Fusarium spp., and Stachybotrys sp., all of which have a strong impact on human health because they can act as pathogens or/and produce secondary metabolites capable of inducing toxic responses.
According to Portuguese legislation (Nota técnica NT-SCE-2, 2009), in terms of microbiological standards, the presence of certain genera/species of fungi is considered possibly dangerous: Stachybotrys chartarum (S. atra), Fusarium spp., A. versicolor, Aspergillus flavus, A. fumigatus, A. niger, Histoplasma capsulatum, and Cryptococcus neoformans.
In terms of indoor air quality regulation (Nota Técnica NT-SCE-2, 2009), the total number of fungal elements found inside should be less than what is found outside, but this was not true for all cases studied (reading room in archive A (Fig. 6 ) presented a higher fungal count than the one registered outside, 140 cfu m À3 versus 136 cfu m À3 , respectively). Although this was not the case with archive B or C ( Figs. 7 and 8) , when the analysis was performed for fungal species there were fungal elements present inside that either were not found outdoors or were present in lesser amounts, suggesting fungal contamination from within (Kemp et al., 2003) . This can happen as people and books or documents can enter these archives and contribute to a different indoor fungal population. This was especially visible in archive C, where only three of the 12 species/genera found indoors were also present outdoors. The exterior sample in this more rural setting can be very different from the one found in Lisbon (archives A and B), but another factor possibly accountable for this difference is the presence outside of Chrysonilia spp., a very fast-growing fungus that covers the plate very rapidly and does not leave room for other fungi to develop. This is probably the reason Aspergillus spp. or Cladosporium spp. were not isolated in the exterior sample taken in Evora. These data will be the subject of further scrutiny as more samples are being processed, but the two examples given illustrate some of the issues addressed in terms of air quality in archives.
From a conservation point of view it is important to know the resident communities in archives and libraries because these can contribute greatly to the document's biodeterioration. Fungi such Fig. 9 . DHPLC chromatogram of a swab sample from a document showing the presence of fungal DNA. The DHPLC allows peak collection and this procedure was done from minute 13 to minute 14.The amplified region was D2 and the run was performed at 50 C and 40%B, with an 0.9 ml min À1 flow rate. Fig. 10 . DHPLC chromatogram of the sample depicted in Fig. 9 , after peak collection (minute 13) and now under partially denaturing temperature (59 C) and 55%B, with a 0.5 ml/min flow rate. Only one peak appeared and the sample was collected again (minute 12/13) and sequenced. The result was Aspergillus versicolor. Fig. 11 . DHPLC chromatogram of a mixture of two yeasts. The run was performed at 61 C/55%B and 63 C/54%B at an 0.9 ml min À1 rate of flow. The first peak, collected at minute 3.5 at 63 C, corresponds to Candida glabrata, and the second peak, collected at minute 4.1, again at 63 C, corresponds to Candida krusei.
as Chaetomium spp., Stemphylium spp., Trichoderma spp., Mucor spp., or Rhizopus spp., to name just a few, are known agents of erosion and staining, and they can alter the mechanical/structural characteristics of paper (Mandrioli and Caneva, 1998) .
DHPLC protocol
As stated earlier, the number of fungi in any given sample is much greater than the number that can be grown in a culture media identified. This number can even amount to 100%, since we have been able to detect through molecular biology methods (D2 region amplification and sequencing) fungi such as Eurotium halophilicum in an otherwise clean sample since there was no growth in any of the media tested. This species is extremely xerophilic, requiring only minor amounts of free water to develop. It is unable to grow at a w above 0.94 and even in optimal conditions presents a very slow growth rate (Arora et al., 1991) . In our case, it was present in a paper from a photographic album from the nineteenth century.
Although the identification process is still underway, our data suggest that in 56% of negative cultures there is retrievable fungal DNA present and this DNA can represent more than one species. This rate will be updated as more samples are analyzed.
Figs. 9 and 10 correspond to a swab sample collected from a document showing several green/brown patches. The cultures showed no growth in any of the media tested but the molecular biology protocol definitely showed the presence of fungal DNA. The first DHPLC run consisted of a non-denaturing program to collect the peak formed between minute 13 and minute 14. After peak collection a new program was tested, this time at partially denaturing temperatures, and after a new peak collection and sequencing it was possible to identify A. versicolor as a contaminant of this document (Fig. 10) .
The DHPLC protocol was also used in association with the AFCE system. Before Candida krusei was introduced in the database a yeast sample mixture collected from an archival surface (a transport tray for books) with a swab and inoculated in MEA presented a dubious result in the fragment analyses as one of the peaks could be easily attributed to Candida glabrata but the other yeast presented an ITS2 length not yet contemplated in the database. Genomic D2 region amplification was performed and the amplified fragments were submitted to a temperature behavior study in the DHPLC. Fig. 11 shows the chromatogram obtained with 61 C and 63 C.
At 63 C (when the resolution was best), the peaks were collected at 3.5 min and 4.1 min. After sequencing the authors could attribute the first peak to C. glabrata and the second to C. krusei. The ITS2 fragment size obtained in the first study was then attributed to this yeast and inserted in the database for further use.
Automated fluorescent capillary electrophoresis system
The ITS2 length database being created for the yeasts grown in the culture media has to be able to provide a clear identification of the species present, and the values cannot be altered by the presence of more than one fungus.
When mixed and run together the reference size was kept, allowing for the identification of each of the individual components (see Fig. 12 ) with only a minor difference to the individual analysis of each component. Therefore we can conclude that this method can be effectively used to discriminate the individuals in a mixture.
In the future, the development of this method for the identification of yeasts present in a mixture can be used for complex matrices other than paper or the surfaces tested here, namely in the analysis of soil and beach sand samples.
Conclusions
The protocol developed and presented here e which makes use of traditional culturing methods and two distinct molecular biology approaches e is proving to be capable of delivering important results both in terms of public health and heritage conservation. Although the method still needs to be further refined for general application, it is very promising.
Regarding DHPLC, certain combinations of DNA from different fungal species may need adjustment of conditions for optimal separation. However, in our study, as more samples were processed, the 50 C/40%B sizing program followed by a DSSF program . The smallest peaks are stutter bands, common in these analyses, and the medium-height peaks, which have similar sizes to the species peaks, are a result of a high concentration of DNA and are also common. Normally, only the highest peak is considered.
at 59 C/55%B approach seemed to be the most fruitful for most separations. From this point on further temperatures (61 or 63 C) can be tested. The process of comparing both regions of interest e ITS2 and D2 e is also underway.
As for the AFCE, the database being created and tested can be of great use for the identification of Candida and other yeast infections in humans when the biochemical assay is inconclusive or there is more than species in the culture media. As such, the usefulness of this protocol goes beyond its current application in air quality evaluation in archives as it is being studied as a possible substitute for the biochemical assay nowadays performed in the National Institute of Health.
Regarding air quality standards, this first sampling season has already been the basis for some behavioral changes as DNA of possible toxinogenic and pathogenic fungi have been found and identified.
The molecular biology protocols presented here have proven valuable as they have been able to pinpoint the presence of fungi when culture techniques were unable to produce colonies, and both methods are expandable to other areas where a mixed population is still an issue and an important setback for the genomic identification of fungal presence.
